carbapenems was correlated with the increased prevalence of HCAI-VRE. Overall, the results suggest that the relationship between antibiotic consumption and the occurrence of HCAI is complicated, and may vary depending on the different pathogens studied.
Fluoroquinolone use and fluoroquinolone-resistant Pseudomonas aeruginosa is declining in US academic medical centre hospitals Sir, Fluoroquinolone-resistant Pseudomonas aeruginosa is associated with a negative impact on patient outcome, 1 and treatment of these organisms can be challenging. Increases in fluoroquinolone-resistant P. aeruginosa have been reported across hospitals and these were related to fluoroquinolone use. 2 -4 These studies were conducted in periods during which fluoroquinolone use was increasing; more recent data show that their use appears to be stabilizing or decreasing. 5 The purpose of this study was to examine recent trends in fluoroquinolone-resistant P. aeruginosa and to determine relationships to fluoroquinolone use in US hospitals. This multi-year cross-sectional study used data from academic medical centres that participated in the University HealthSystem Consortium (UHC). Specifically, UHC member hospitals that subscribed to the Clinical Resource Manager (CRM) database provided drug usage and demographic data. Systemic fluoroquinolones (ciprofloxacin, gatifloxacin, moxifloxacin and levofloxacin) administered to adult patients (age ≥18 years) discharged from 1 January 2002 to 31 December 2009 from 20 hospitals were recorded as days of therapy (DOT) per 1000 patient days (PD). Resistance data (the proportion of ciprofloxacin-resistant isolates) were obtained from the antibiograms that hospitals provided. General linear mixed models were used to assess the significance of changes in antibiotic use and resistance. To assess the relationship between use of individual fluoroquinolones and fluoroquinolone-resistant P. aeruginosa, we used population-averaged longitudinal models, generalized estimating equation (GEE) models, to adjust for correlation among hospitals across time. Quasi-likelihood under the independence model criterion (QIC; an extension of Akaike's information criterion to the GEE method) was used to determine the best distribution and link functions, as well as the working correlation structure. Based on comparison of QIC values, a binomial distribution, logit link and an exchangeable working correlation structure were chosen for this model. We also controlled for the use of other Gram-negative antibacterials (carbapenems, third-and fourth-generation cephalosporins, b-lactam/b-lactamase inhibitor combinations and aminoglycosides). A P value ,0.05 was considered significant and all tests were two-tailed. The statistical software used was SAS (version 9.2; SAS Institute, Cary, NC, USA). The Institutional Review Board at Virginia Commonwealth University approved this study.
Antibiotic-use data were available from all 20 hospitals for all 8 years. Antibiogram data were available from all 20 hospitals for at least 3 years, while 19 hospitals provided antibiogram data for ≥5 years and 12 provided data for all 8 years. Hospitals were located in all US geographical regions; the average hospital bed capacity was 536. From 2002 to 2009 there was a steady decrease in the mean use of fluoroquinolones: from 142 (SD¼ 35) to 121 (SD¼ 43) DOT/1000 PD; the trend was significant (P ¼ 0.04). See Figure 1 . Across hospitals, the mean use of levofloxacin decreased, use of moxifloxacin increased, ciprofloxacin use was variable and gatifloxacin use fell to zero when it was withdrawn from the US market. The formulary mix of fluoroquinolones was diverse among hospitals and changed throughout the study period.
There was a significant decrease in the mean proportion of fluoroquinolone-resistant P. aeruginosa, from 36% in 2002 to 32% in 2009 (P ¼ 0.01; Figure 1 ). The GEE model results show that both ciprofloxacin use (coefficient¼ 0.0030; P ¼ 0.006) and levofloxacin use (coefficient ¼ 0.0028; P,0.0006) were significantly related to the proportion of ciprofloxacin-resistant P. aeruginosa, while moxifloxacin use (coefficient ¼ 0.0011; P ¼ 0.55) and gatifloxacin use (coefficient¼ 0.0013, P ¼ 0.55) were not significantly associated.
This hospital-level longitudinal study among a consortium of academic medical centres found several new findings concerning trends in fluoroquinolone use and resistance in P. aeruginosa. First, to the best of our knowledge, this is the only study to report a significant decline in the use of fluoroquinolones across a group of hospitals. Second, there was a significant decrease in the mean proportion of fluoroquinoloneresistant P. aeruginosa. Third, we found that both ciprofloxacin and levofloxacin use, but not that of moxifloxacin or gatifloxacin, was associated with the resistance proportion. One of the main differences in our study is that it reflects data from a more recent time period in which fluoroquinolone use was decreasing and overall resistance of P. aeruginosa to fluoroquinolones was decreasing. Our finding that moxifloxacin use was not related to the proportion of resistance may be related to its lower in vitro activity against P. aeruginosa compared with the other fluoroquinolones lacking a US FDA indication for P. aeruginosa infections. Its use in practice is preferred for the treatment of Gram-positive organisms. Hospitals that used moxifloxacin likely had another fluoroquinolone (e.g. ciprofloxacin) on the drug formulary for use against Gram-negative infections. The lack of association between gatifloxacin use and resistance may be due to its minimal use after 2006.
There are several limitations to this investigation. The relationships between fluoroquinolone use and resistance to P. aeruginosa represent the hospital-level perspective, not that of the patient. Therefore, the results may be subject to ecological bias, 6 meaning that findings may not reflect patient-level relationships. Also, we did not account for any infection-control measures that may have influenced the development of fluoroquinolone-resistant P. aeruginosa within hospitals, and nor did we account for community fluoroquinolone use. In conclusion, fluoroquinolone use and fluoroquinolone-resistant P. aeruginosa are decreasing in US academic health centres. Despite the decline in use of fluoroquinolones, it may be prudent to continue to limit the use of these agents as a strategy to decrease the resistance of this important pathogen.
